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(54) BEARING TEST METHOD AND BEARING TEST DEVICE 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To propose a 
bearing test device capable of accurately 
testing contact revolutions or the like of a 
hydrodynamic bearing without adopting the 
AE method. 

SOLUTION: The bearing test device 10 
detects contacting/noncontacting 
conditions of the hydrodynamic bearing in a 
motor 1 based on variations of a resistance 
and a capacitance (i.e., impedance 
variations). When the alternate voltage is 
applied to an electrode 1 1 disposed in 
proximity to a motor base plate 2, an 
electric field is formed, and the electric line 
of force flows to an earth side through a 
disk hub 5 and a detecting electrode 1 2 
disposed in close proximity, or through the hydrodynamic bearing and the 
base plate 2. In the case a rotational axis 4 revolves in contact with a sleeve 
3, a path directed to the earth side through the hydrodynamic baring is 
predominant, and a detected voltage obtained from the detecting electrode 
12 is very low. Conversely, in the noncontacting condition, the detected 
voltage obtained from the detecting electrode 12 is high. The contact 
revolutions or the like ca be tested by measuring the shape of wave of the 
detected voltage using an oscilloscope 14. 




CLAIMS 



[Claim(s)] 

[Claim 1]In a bearing held at a noncontact state more than the number of 
relative rotating predetermined in an axial element and a bearing element 
which have been arranged at a coaxial state, It is a bearing inspection method 
for inspecting whether said axial element and said bearing element are in a 
contact rotation state, Carry out relative rotating of said axial element and 
said bearing element, and an impedance change between these axial elements 
in a relative rotating state and a bearing element is detected, A bearing 
inspection method distinguishing whether said axial element and said bearing 
element are in a contact rotation state using being this impedance at the 
contact rotation and non-contact rotation time, and changing. 
[Claim 2]A bearing inspection method detecting a resistance change between 
said axial element in said relative rotating state, and a bearing element, 
change of electric capacity, or change of these both sides in Claim 1. 
[Claim 3]In Claim 1 or 2, changing the number of relative rotating of said axial 
element and said bearing element. A time of detecting said impedance change 
and said axial element and said bearing element switching from a contact 
rotation state to a non-contact rolling state based on a detected impedance 
change, Or a bearing inspection method detecting the number of relative 
rotating at the time of these switching from a non-contact rolling state to a 
contact rotation state. 

[Claim 4]A bearing inspection method detecting said number of relative 
rotating at the time of said axial element and said bearing element switching 
from a contact state to a noncontact state as surfacing number of rotations 
in Claim 3 raising said number of relative rotating from zero. 
[Claim 5]A bearing inspection method detecting said number of relative 
rotating at the time of said axial element and said bearing element switching 
from a noncontact state to a contact state as the number of contact 
rotations in Claim 3 dropping said number of relative rotating from steady 
rotation. 

[Claim 6]A bearing inspection method distinguishing whether said axial 
element and said bearing element are in an abnormal contact rolling state in 
Claim 1 or 2 based on said impedance change. 

[Claim 7]A bearing inspection method distinguishing that said abnormal 
contact rolling state is a thing resulting from a foreign matter mixing between 
said axial element and said bearing element when said number of relative 
rotating is constant and said impedance change occurs in the irregular state 
in Claim 6. 

[Claim 8]When said number of relative rotating is constant and said impedance 
change occurs periodically in Claim 6, A bearing inspection method 
distinguishing that it is what currently said abnormal contact rolling state 
originates in said axial element or said bearing element itself, and a foreign 
matter is rotating synchronizing with an axial element or a bearing element. 



[Claim 9]A bearing inspection method detecting said impedance change by a 
noncontact state to said axial element and said bearing element in a 
paragraph of either of the Claims 1-8. 

[Claim 10]A bearing inspection method characterized by said bearing being a 
hydrodynamic bearing by which a slot for dynamic pressure generating by a 
fluid is formed between said axial element and said bearing element in a 
paragraph of either of the Claims 1-9. 

[Claim 1 1]A bearing inspection method characterized by said bearing being a 
bearing of a dynamo-electric machine which is supporting a rotor in a 
dynamo-electric machine to a stator in the state which can be rotated freely 
in a paragraph of either of the Claims 1-10. 

[Claim 1 2]It is bearing test equipment for inspecting whether said axial 
element in a bearing held at a noncontact state more than the number of 
relative rotating predetermined in an axial element and a bearing element 
which have been arranged at a coaxial state, and said bearing element are in a 
contact rotation state, It has an impedance detector which detects impedance 
which changes according to contact between said axial element in a relative 
rotating state, and a bearing element, and non-contact, This impedance 
detector is provided with a voltage applying means which impresses voltage to 
either said axial element or said bearing elements, and an output voltage 
detection means which detects output voltage from another side. 
Bearing test equipment being able to distinguish whether said axial element 
and said bearing element are in a contact rotation state based on change of 
said output voltage. 

[Claim 13]Bearing test equipment characterized by said voltage applying 
means being a volts alternating current apply means which impresses a volts 
alternating current in Claim 1 2. 
[Claim 14]Claim 13 comprising: 

An electrode for excitation which carried out close arrangement of said volts 
alternating current apply means to either said axial element or the bearing 
elements. 

An electrode for detection which equips this electrode for excitation with a 
source of a volts alternating current which impresses a volts alternating 
current, and carried out close arrangement of said output voltage detection 
means to another side of said axial element and said bearing elements. 
An output voltage detector which detects output voltage generated in this 
electrode for detection. 

[Claim 1 5]Bearing test equipment characterized by said electrode for 
magnetization and said electrode for detection being a ring type or telescopic 
in Claim 14. 

[Claim 16]Bearing test equipment characterized by said impedance detector 
being an LC resonance circuit where the series connection of the inductor 



was carried out to said electrode for detection between groundings in Claim 
13. 

[Claim 1 7]Bearing test equipment, wherein frequency of a volts alternating 
current impressed to said electrode for excitation in Claim 16 is LC resonance 
frequency. 

[Claim 18]Bearing test equipment choosing said LC resonance frequency in 
Claim 1 7 so that an output voltage waveform at the time of contact and non- 
contact may be monitored and the output voltage waveform concerned may 
serve as the peak magnitude a priori. 

[Claim 19]In Claim 13, said volts alternating current apply means, Equip an 
electrode for excitation which carried out close arrangement to either said 
axial element or said bearing elements, and this electrode for excitation with a 
source of a volts alternating current which impresses a volts alternating 
current, and said output voltage detection means, Bearing test equipment 
being voltage detection circuits which detect both-ends voltage of resistance 
by which the series connection was carried out between said electrode for 
excitation, and said source of a volts alternating current. 
[Claim 20]Bearing test equipment, wherein said output voltage detection 
means is provided with a waveform shaping circuit which changes a detected 
output voltage waveform in a paragraph of either of the Claims 12-19. 
[Claim 21]Bearing test equipment characterized by said bearing being a 
hydrodynamic bearing by which a slot for dynamic pressure generating by a 
fluid was formed between said axial element and said bearing element in a 
paragraph of either of the Claims 12-20. 

[Claim 22]Bearing test equipment characterized by said bearing being a 
bearing which is supporting a rotor in a motor for hard disks to a stator in the 
state which can be rotated freely in Claim 21. 

[Claim 23]In Claim 22, said motor for hard disks, Bearing test equipment, 
wherein it has a base plate and a disk hub in which a hard disk is carried, a 
sleeve as said bearing element is formed in said base plate and the axis of 
rotation as said axial element is formed in the center of said disk hub. 
[Claim 24]In Claim 22, said motor for hard disks, Bearing test equipment, 
wherein it has a base plate and a disk hub in which a hard disk is carried, a 
pivot as said axial element is fixed to said base plate and a sleeve as said 
bearing element is formed in the center of said disk hub. 
[Claim 25]Bearing test equipment providing said motor for hard disks with a 
motor case by which close arrangement was carried out to said base plate or 
said disk hub in Claim 23 or 24, and using this motor case as said electrode 
for excitation, or said electrode for detection. 

[Claim 26]In Claim 23 or 24, to said base plate. Bearing test equipment 
arranging a counter plate as a bearing element which constitutes dynamic 
pressure thrust bearing between the end faces of said axis of rotation, 
insulating said counter plate from said base plate electrically, and using as 
said electrode for excitation, or said electrode for detection. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the inspection method and 
devices of a bearing with which between an axial element and bearing 
elements is usually held in a rolling state at a noncontact state, such as a 
hydrodynamic bearing. In this bearing, it is related with a bearing inspection 
method and a device suitable for detecting the surfacing number of rotations 
from which both elements switch to a noncontact state with the rise of 
number of rotations, or the number of contact rotations from which both 
elements switch to a contact state with reduction in number of rotations in 
more detail. It is related with a bearing inspection method and a device 
suitable for detecting the abnormal contact rolling state in this bearing. 
[0002] 

[Description of the Prior Art]The hydrodynamic bearing has the composition 
that the slot for dynamic pressure generating by fluids, such as oil and air, 
was formed between the axial element and the bearing element. 
If dynamic pressure will also increase with the increase in the revolving speed 
if these axial elements and a bearing element carry out relative rotating, and a 
prescribed rotational frequency (surfacing number of rotations) is exceeded, 
with liquid film, an axial element will surface from a bearing element and will 
shift to a non-contact rolling state. 

On the contrary, if revolving speed falls rather than a prescribed rotational 
frequency (the number of contact rotations), it will switch to a contact 
rotation state again. Such a hydrodynamic bearing is used as a bearing of high 
velocity revolution motors, such as a motor for hard disk drives, for example. 
[0003]At the time of motor starting or a stop, a contact rotation state will 
continue for a long time, so that such surfacing number of rotations or the 
number of contact rotations is high. The abrasion loss of the bearing portion 
at the time of a motor intermittence drive will increase, and a bearing life will 
fall, so that a contact rotation state is long. Since the viscosity falls so that a 
lubricating oil becomes an elevated temperature, the more it becomes an 
elevated temperature, surfacing number of rotations or the number of contact 
rotations becomes high, and, the more there is a danger that the abrasion loss 
of a bearing portion falls remarkably. Therefore, it is necessary to make the 
surfacing number of rotations or the number of contact rotations in ordinary 
temperature become a value low enough to motor rating number of rotations. 
For this reason, the surfacing number of rotations or the number of contact 
rotations of the hydrodynamic bearing is set to one of the important 
characteristic inspection items. 

[0004] Generally measurement of the number of contact rotations of the 
hydrodynamic bearing in the former is performed by the AE 
(AcousticEmission) method. This AE method is the method of detecting the 



acoustic energy generated by metallic contact with a vibration sensor, and 

changing into voltage. This detecting method is indicated by JP,H1 0-307081 ,A, 

for example. This AE method is adopted also as a bearing diagnosing method 

for measuring the faulted condition and life of a general bearing. 

Such a method is indicated by JP,H8-1 591 51 ,A and the 7-134063 gazette, for 

example. 

[0005]An example of AE waveform obtained from the motor provided with the 
oil hydrodynamic bearing by the AE method is shown in d raw ing 1 1 with the 
changing condition of motor rotation frequency. AE waveform changes into 
voltage the strength of vibration detected from a part for a motor shaft 
receiving part by the acoustic emission sensor, and is observed on the screen 
of an oscilloscope. Motor rotation frequency is a number-of^rotations 
measurement value (it is a pressure value in the case of a tachometer) with a 
tachometer etc. 

[0006] Detection of the contact sound generated by a bearing portion in the 
state (section from the time A of being a figure to B) where the motor is 
carrying out steady rotation since the switching noise of motor drive current 
is overwhelmingly superior is difficult. Therefore, measurement is carried out 
after suspending a motor drive before inertia rotation stops (section from the 
point in time B of a figure to the point in time D). 

[0007]Since a switching noise is lost after B the time of suspending a drive, 
an acoustic emission sensor becomes detectable [ the vibrational energy 
substantially generated from a bearing portion ]. In between [ until number of 
rotations falls / a certain grade / from immediately after driving stoppage ] 
(section from the point in time B of a figure to the point in time C), since the 
state where the bearing portion surfaced with the oil film is maintained, the 
oscillating energy level detected is dramatically low, therefore its amplitude of 
a detected wave is also small. 

[0008]however — number of rotations falls — a time — C — exceeding — if 
— an oil film — depending — surface energy — already — a bearing rotating 
part — it becomes impossible to be able to finish supporting weight and a 
bearing rotating part shifts to a contact rotation state from a non-contact 
rolling state. As a result, since a contact sound occurs, AE wave amplitude 
detected from a bearing portion increases. After this, AE wave amplitude 
decreases with reduction of number of rotations, and rotation stops 
thoroughly and it becomes zero (at the time (D) of a figure). 
[0009] 

[Problem(s) to be Solved by the Invention] However, by the method of 
detecting surfacing or the number of contact rotations of a hydrodynamic 
bearing, and the abnormalities of a general bearing, there are the following 
problems using the AE method. 

[0010]First, since the lubrication of between metal (an axial element and a 
bearing element) is carried out by lubrication oil, the contact sound in the 



state where they touch is very weak, and it is difficult at a hydrodynamic 
bearing, for example, an oil hydrodynamic bearing, to remove a noise from a 
detecting signal thoroughly. For this reason, it is accurate and the number of 
contact rotations, etc. cannot be detected. 

[001 1]Since the detecting accuracy of a contact sound falls that it is 
necessary to contact the sensor for contact sound detection to the motor 
component parts in which the bearing portion or the bearing is incorporated 
directly, and contact of a sensor is imperfect in the case of the AE method, It 
becomes impossible to perform the judgment of the excellent article of a 
bearing, and inferior goods appropriately. 

[0012]Since dispersion in detection sensitivity is large, the quality decision of 
a bearing based on a detection signal waveform is difficult. For example, if a 
bearing switches from a non-contact rolling state to a contact rotation state, 
the metallic contact sound will be detected, and a detecting-signal level will 
increase, but since dispersion in the detecting-signal level is large, setting out 
of the threshold voltage used as the distinction standard of having switched 
to contact rotation is difficult. As a result, an automatic check is impossible 
and it cannot but depend on human beings feeling. Now, an excellent article 
and an inferior-goods judging will become ambiguous. 

[0013]Since the noise by driving current is overwhelmingly larger on the other 
hand when the motor by which the bearing to be examined is incorporated is 
driving, the catalytic wave form showing the bearing having contacted is 
unobservable (refer to the section from the time A of being drawing 1 1 t o the 
point in time B). Therefore, in the former, the inspection of a bearing can be 
performed only in between [ until it stops ], cutting the driving current of a 
motor and rotating a motor from habit, as mentioned above. Since it is 
necessity about 1 minute from tens of seconds at such an inspection, it is 
unsuitable for the inspection of mass production. 

[0014]Since it is necessary to prevent the contamination to which dust etc. 
adhere in the inspection in the motor for hard disk drives, a hard disk may be 
unable to be carried in the manufacturing process. In adopting the AE method, 
unless it carries a hard disk and enlarges inertia, it cannot increase to the 
level which can detect the contact energy of a bearing. For this reason, it may 
be unable to inspect. 

[0015]There is SUBJECT of this invention in proposing the bearing inspection 
method and bearing test equipment of a bearing which can detect a rolling 
state, without adopting the AE method in view of the problem of such a 
conventional bearing inspection method. 

[0016]SUBJECT of this invention is accurate and there is in proposing the 
bearing inspection method and bearing test equipment of a bearing which can 
detect the number of contact rotations, abnormal contact rotation, etc. 
[0017]There is SUBJECT of this invention in proposing the bearing inspection 
method and bearing test equipment of a bearing which can detect a rolling 
state, without contacting a sensor to bearing component part etc. directly. 



[0018]There is SUBJECT of this invention in proposing a bearing inspection 
method and bearing test equipment suitable for inspecting the hydrodynamic 
bearing included in the motor for hard disk drives further again. 
[0019] 

[Means for Solving the Problem]. In order to solve above-mentioned 
SUBJECT, this invention can set an axial element and a bearing element 
which have been arranged at a coaxial state to a bearing which can be held to 
a noncontact state above the predetermined number of relative rotating. It is 
a bearing inspection method for inspecting whether said axial element and said 
bearing element are in a contact rotation state, Relative rotating of said axial 
element and said bearing element is carried out, impedance between these 
axial elements in a relative rotating state and a bearing element is detected, 
and it is characterized by distinguishing whether said axial element and said 
bearing element are in a contact rotation state based on this impedance 
change. 

[0020]Namely, when an axial element and a bearing element are non-contact 
rolling states. Since a fixed gap is formed among them and a film of a fluid is 
formed there, Can regard it as fixed resistance and capacity, and conversely 
in the case of a contact rotation state, Since an axial element and a bearing 
element touch directly, paying attention to the ability to regard as a state 
which does not have resistance and capacity substantially among them, a 
rolling state of an axial element and a bearing element is made detectable by 
detecting such an electric change. 

[0021]Therefore, a rolling state can be detected, without adopting the AE 
method. Since impedance changes, such as resistance and capacity, are 
detected, a switching noise of driving current of a motor by which a bearing is 
incorporated like [ in the case of the AE method ] does not become an 
obstacle of detection. Since a detecting-signal level can be made into 
sufficient thing and dispersion in detecting accuracy can also be controlled, it 
becomes possible to perform accurate rolling state detection. 
[0022]What is necessary is just to detect a resistance change of a bearing 
portion, capacity changes, or change of those both sides as an impedance 
change. 

[0023]Here, changing the number of relative rotating of said axial element and 
said bearing element. What is necessary is to detect said impedance change 
and just to detect the number of relative rotating a time of said axial element 
and said bearing element switching from a contact rotation state to a non- 
contact rolling state, or at the time of these switching from a non-contact 
rolling state to a contact rotation state based on a detected impedance 
change. 

[0024]In this case, what is necessary is just to detect said number of relative 
rotating at the time of said axial element and said bearing element switching 
from a contact state to a noncontact state as surfacing number of rotations, 
raising said number of relative rotating from zero in detection of surfacing 



number of rotations of a bearing. 

[0025]What is necessary is just to detect said number of relative rotating at 
the time of said axial element and said bearing element switching from a 
noncontact state to a contact state as the number of contact rotations, 
dropping said number of relative rotating from steady rotation in detection of 
the number of contact rotations. 

[0026]Next, in a method of this invention, it can be distinguished whether said 
axial element and said bearing element are in an abnormal contact rolling state 
based on said impedance change. 

[0027]In this case, when said number of relative rotating is constant and said 
impedance change occurs in the irregular state, it can distinguish that said 
abnormal contact rolling state is a thing resulting from a foreign matter mixing 
and exercising at random between said axial element and said bearing element. 

[0028]When said number of relative rotating is constant and said impedance 
change occurs periodically, it can distinguish that said abnormal contact rolling 
state is a thing resulting from said axial element or said bearing element itself, 
or a thing resulting from a foreign matter synchronizing and rotating. 
[0029]Here, in a method of this invention, said impedance change is 
detectable according to a noncontact state to said axial element and said 
bearing element. 

[0030]A method of this invention can be used for an inspection of a 
hydrodynamic bearing by which a slot for dynamic pressure generating by a 
fluid is formed between said axial element and said bearing element. 
[0031 ]It can use for an inspection of a bearing of a dynamo-electric machine 
which is supporting a rotor in a dynamo-electric machine to a stator in the 
state which can be rotated freely. 

[0032]On the other hand, this invention relates to bearing test equipment for 
embodying a method of above-mentioned this invention. Bearing test 
equipment of this invention has an impedance detector which detects 
impedance which changes according to contact between said axial element in 
a relative rotating state, and a bearing element, and non-contact. A voltage 
applying means to which this impedance detector impresses voltage to either 
said axial element or said bearing elements, It is characterized by the ability to 
distinguish whether it has an output voltage detection means which detects 
output voltage from another side, and said axial element and said bearing 
element are in a contact rotation state based on change of said output 
voltage. As a voltage applying means, a volts alternating current apply means 
which impresses a volts alternating current can be used. 

[0033]An electrode for excitation which carried out close arrangement of said 
volts alternating current apply means to either said axial element or the 
bearing elements here, It can have composition provided with a source of a 
volts alternating current which impresses a volts alternating current to this 
electrode for excitation, and can have composition provided with an electrode 



for detection which carried out close arrangement of said output voltage 
detection means to another side of said axial element and said bearing 
elements, and an output voltage detector which detects output voltage 
generated in this electrode for detection. Said electrode for excitation and an 
electrode for detection can be made a ring type or telescopic. 
[0034]In this case, in order to raise detection sensitivity, an inductor should 
just make said impedance detector an LC resonance circuit by which the 
series connection was carried out between said electrode for detection, and 
grounding. What is necessary is just to let frequency of a volts alternating 
current to impress be LC resonance frequency. In this case, LC resonance 
frequency can be obtained by switching frequency so that that waveform may 
be in a peak magnitude state, monitoring a priori a detection voltage waveform 
obtained at the time of contact and non-contact. 

[0035]In constituting an impedance detector using a single electrode, An 
electrode for excitation which carried out close arrangement of said volts 
alternating current apply means to either said axial element or said bearing 
elements, What is necessary is to constitute from resistance by which the 
series connection was carried out to a source of a volts alternating current 
which impresses a volts alternating current to this electrode for excitation 
among these, and just to let said output voltage detection means be voltage 
detection circuits which detect both-ends voltage of said resistance. 
[0036] Next, although a detected output voltage waveform is displayed on an 
oscilloscope etc., and is checked by viewing or an automated analysis is 
conducted by a waveform analyzer, in such a case, a waveform of an 
analytical object in order to make legible a waveform displayed — analysis — 
since it is easy, it is desirable to have a waveform shaping circuit which 
performs conversion of waveform or waveform shaping by AM demodulation, 
phase difference detection, envelope detection, etc. 
[0037]A hydrodynamic bearing by which a slot for dynamic pressure 
generating by lubrication fluid was formed between said axial element and said 
bearing element as a bearing to be examined by a device of this invention can 
be mentioned. 

[0038]In this case, the hydrodynamic bearing concerned can make what is 
incorporated as a bearing which is supporting a rotor in a motor for hard disk 
drives to a stator in the state which can be rotated freely a subject of 
examination. 

[0039]In this case as said motor for hard disk drives, It has a base plate and a 
disk hub in which a hard disk is carried, a sleeve as said bearing element is 
formed in said base plate, and there is a thing of composition of that the axis 
of rotation as said axial element is formed at the center of said disk hub. 
[0040]On the contrary, a pivot as said axial element is fixed to a base plate, 
and there is also a thing of composition of that a sleeve as said bearing 
element was formed in the center of said disk hub. 

[0041 ]In such a motor for hard disk drives, a thing of composition of having 



had a motor case by which close arrangement was carried out to said base 
plate or said disk hub is known. In this case, if the motor case concerned is 
used as said electrode for excitation, or said electrode for detection, it is 
omissible to arrange one of the electrodes. 

[0042]In a motor for hard disk drives, a counter plate is arranged at said base 
plate, and a thing of composition of that a dynamic^pressure-thrust-bearing 
portion was constituted between this counter plate and an end surface of said 
axis of rotation is known. In this case, it can insulate from said base plate 
electrically, and said counter plate can be used as said electrode for 
excitation, or said electrode for detection. 
[0043] 

[Embodiment of the Invention]Working example of the bearing test equipment 
which applied this invention to below with reference to Drawings is described. 
The bearing test equipment of this example is for inspecting the bearing 
portion of the motor for hard disk drives by which the oil hydrodynamic 
bearing is incorporated. 

[0044] Drawing 1 is an outline lineblock diagram showing the motor for hard 
disk drives in the state where the bearing sensing device of this example was 
attached, and drawing 2 is the half section figure. First, with reference to 
these figures, the outline composition of the motor 1 for hard disk drives of 
this example is explained. The motor 1 was provided with the base plate 2, the 
sleeve 3 has adhered to this base plate 2 by the erecting state, and it is 
inserted in this sleeve 3 in the shape of the same axle in the state which the 
axis of rotation 4 can rotate freely. 

[0045]The upper bed portion of the axis of rotation 2 has projected from the 
sleeve 3 to the upper part, and the disk hub 5 of approximately cup shape 
which carried out the opening to this upper bed portion caudad has adhered 
to concentric voice.As a fictitious outline shows, the hard disk 6 is carried in 
the peripheral part of this disk hub 5. The inner skin of the lower end part of 
the disk hub 5 is equipped with the rotor 7a of ring shape, and the stator 7b 
which consists of a stator core and a coil is attached to the base plate side in 
the state where it is enclosed by this rotor 7a. 

[0046]Here, between the peripheral face of the axis of rotation 4, and the 
inner skin of the sleeve 3, the slot for dynamic pressure generating is formed, 
and it fills up with a lubricating oil, and the hydrodynamic bearing is formed. 
The thrust bearing member 8 of ring shape has adhered to the lower end part 
of the axis of rotation 4, and dynamic pressure thrust bearing is formed also 
between the axis-of-rotation lower end surface 4a and the undersurface of 
the thrust bearing member 8, and the upper surface 9a of the counter plate 9 
attached to the base plate side. Therefore, in the motor 1 of this example, the 
axis of rotation 4 and the thrust bearing member 8 function as an axial 
element, and the sleeve 3 and the counter plate 9 function as a bearing 
element. 

[0047]If the motor 1 is driven and the axis of rotation 4 is rotated, the 



dynamic pressure to a lubricating oil will occur between the axis of rotation 4 
and the sleeve 3 and between the axis of rotation 4 and the counter plate 9. If 
a value with number of rotations is exceeded, the axis of rotation 4 will 
surface from the sleeve 3 and the counter plate 9, and the axis of rotation 4 
concerned will rotate by a noncontact state. If number of rotations falls and it 
is less than a predetermined value, the axis of rotation 4 will rotate again, 
where the sleeve 3 and the counter plate 9 are contacted. Since such a 
hydrodynamic bearing mechanism is publicly known, explanation is omitted 
about the detailed structure and operation. 

[0048]Motor each portion is generally formed from the following raw materials. 
The base plate 2 is a product made from aluminum, the sleeve 3 is copper or 
a product made from a stainless steel, the axis of rotation 4 is a product made 
from a stainless steel, the thrust bearing member 8 is copper or a product 
made from a stainless steel, and the counter plate 9 is a product made from a 
stainless steel. 

[0049]Next, the bearing test equipment 10 for inspecting the number of 
contact rotations of the motor 1 for hard disk SUDORAIBU of this 
composition, etc. detects the contact state and noncontact state of a 
hydrodynamic bearing portion of the motor 1 as an impedance change, and 
has detected them in this example based on resistance and a capacity 
variation. 

[0050]That is, the volume resistivity of the lubricating oil currently used for 

8 10 

the hydrodynamic bearing portion is a 1 0 thru/or 1 0 omegacm grade, and 
the electrical resistance of the oil film portion in the state (non-contact rolling 
state) where the axis of rotation 4 has surfaced is set to severalM thru/or 
hundreds of M omega. The lubricating oil as an insulator is inserted at the 
time of surfacing, and since it will be in the state and the state where metal 
approached when put in another way which the axis of rotation 4 and the 
sleeve 3 approached, it will have the electric capacity of about hundreds of 
pF. 

[0051 ]On the other hand, since it will be in a short condition in the state of 
contact rotation and resistance becomes below in several K omega, both 
resistance and electric capacity change. It can be inspected whether the 
bearing test equipment 10 of this example has the axis of rotation 4 in a 
contact rotation state by detecting these resistance and change of capacity 
by a noncontact state, and whether they are the number of contact rotations, 
and the malrotation. 

[0052]First, when the entire configuration of the bearing test equipment 10 of 
this example is explained with reference to drawing 1 and 2, the bearing test 
equipment 10 of this example, It has the oscilloscope 14 which displays the 
electrode 1 1 for excitation, the electrode 12 for detection, the source 13 of a 
volts alternating current that impresses a volts alternating current to the 
electrode 1 1 for excitation, and the detection voltage waveform detected from 
the electrode 1 2 for detection. The electrode 1 1 for excitation is an electrode 



of the ring shape which carried out close arrangement to the disk hub 5 and 
the base plate 2 of the motor 1 , and is for impressing a volts alternating 
current between the electrode 1 1 concerned and the base plate 2, and 
generating an electric field. The inner skin of this electrode 1 1 stands face to 
face against the peripheral face of the disk hub 5 in the state of the same 
axle. 

[0053]Similarly the electrode 12 for detection is an electrode of ring shape, 
and close arrangement is carried out in the state of the same axle to the 
circular upper bed side 5a of the disk hub 5. This electrode 1 2 for detection is 
grounded via the inductor L1 by which the series connection was carried out. 
The voltage generated in this inductor L1 can display with the oscilloscope 14. 

[0054]Drawing 3 is an explanatory view showing the impedance detector 
composition for detecting resistance and the capacity variation of the 
hydrodynamic bearing portion constituted between the motors 1 at the time of 
the inspection by the bearing test equipment 10 of this example here, and 
drawing 4 is the representative circuit schematic. 
[0055]As shown in these figures, the hydrodynamic bearing portion is 
constituted using the electrode 1 1 for excitation, and the electrode 1 2 for 
detection so that it may be equivalent to the resistance R1, the capacity C1, 
and the circuitry to which multiple connection of the switch SW showing 
contact and a noncontact state was carried out. Since close arrangement of 
the electrode 1 1 is carried out to the base plate 1 and the disk hub 5, Since it 
can transpose to the capacitor C5 with predetermined electric capacity, and 
C2 between them and close arrangement of the electrode 1 2 is similarly 
carried out to the disk hub 5, it can transpose to the capacitor C4 with 
predetermined electric capacity between them. Between the electrodes 1 1 
and 1 2 can be similarly transposed to the capacitor C3 of prescribed capacity. 
As a result, at the time of the inspection of the motor 1 by the bearing test 
equipment 10 of this example, an equivalent circuit as shown in drawing 4 will 
be constituted. 

[0056]Next, the inspection routine by the bearing test equipment 10 of this 
example is explained. First, it holds with the jig whose electrodes 11 and 12 
are not illustrated, and as shown in drawing 1 and 2, close arrangement is 
carried out to the base plate 2 and the disk hub 5. In this state, the volts 
alternating current power supply 13 is driven, and a volts alternating current is 
impressed between the electrode 1 1 and the base plate 2. As a volts 
alternating current waveform, various kinds of volts alternating current 
waveforms, such as a sine wave, a square wave, and a saw-tooth wave, are 
employable. 

[0057]The line of electric force which the electric field occurred and went into 
the disk hub 5 by volts alternating current impression flows into the electrode 
1 2 side by which close arrangement is carried out via the disk hub 5 
concerned, and it flows into the earth side via a hydrodynamic bearing portion 



(SW, R1, C1) and the base plate 2. The line-of-electric-force ingredient which 
flowed into the electrode 12 side flows into the earth side via the inductor L1. 
The voltage generated in this inductor L1 is displayed with the oscilloscope 14 
as detection voltage by the electrode 1 2. 

[0058]Here, the detection sensitivity of detection voltage can be raised by 
adjusting so that the frequency of a volts alternating current may be doubled 
at the resonance point, measuring the voltage of the inductor L1 with the 
oscilloscope 14. A paraphrase considers the impedance detector of this 
example as LC resonance circuit composition. Such frequency regulation may 
be performed by any under a stop of the motor 1 and rotation. It may be made 
to adjust inductance in order to obtain an LC resonance circuit. 
[0059]Next, supervising a detection voltage waveform with the oscilloscope 
1 4, the motor 1 is driven, and a rated drive revolution state is formed, next 
inertia rotation of the drive of the motor 1 is stopped and carried out, and the 
rotation is stopped. It is shown in drawing 5 with AE waveform acquired in the 
obtained detection voltage waveform S by the AE method which are motor 
rotation frequency (tachometer output voltage) and a conventional method. 
[0060]If it explains with reference to this wave form chart, it will be in the 
non-contact rolling state in which the axis of rotation 4 surfaced with the 
dynamic pressure which the motor 1 generates in the state of a rated 
revolution into (the section of the point in time A to B), and a hydrodynamic 
bearing portion. This non-contact rolling state is equivalent to the case where 
the switch SW opens as shown in drawing 3 (b). Therefore, in this state, the 
ingredient of the large majority of line of electric force who entered the disk 
hub 5 enters into the electrode 1 2 for detection, and flows into the earth side 
via the inductor L1. Therefore, detection voltage is large and its amplitude of 
the voltage waveform S is large. 

[0061]Even after it stops the drive of the motor 1 and an inertia rolling state 
shifts, while the non-contact rolling state in which the axis of rotation 4 
surfaced continues (i.e., while the switch SW is open), the same detection 
output voltage is obtained (section from the point in time B to the point in 
time C). 

[0062]a time — C — setting — the axis of rotation 4 — the sleeve 3 or the 
counter plate 9 — contacting — a contact rotation state — shifting — if — 
drawing 3 — ( — it becomes equivalent to the case where the switch SW 
closes as shown in a). In this state, the ingredient of the large majority of line 
of electric force who entered the disk hub 5 flows into the earth side via the 
switch SW and the base plate 2. As a result, the detection voltage by the 
electrode 1 2 for detection becomes small rapidly, therefore the amplitude of 
that voltage waveform S also becomes small substantially. 
[0063]As a result, in the case of the bearing test equipment 10 of this 
example. If the axis of rotation 4 does not almost have change in a detection 
voltage waveform between non-contact rolling states (section by the point in 
time C) and shifts to a contact state so that it may turn out that the 



detection voltage waveform S depended on this example in drawing 5 is 
compared with the conventional AE waveform, a waveform will become small 
rapidly. On the other hand, in AE waveform, if an output wave will become 
small if a motor drive is suspended, and it will be in a contact state after that, 
it will become large, thus, in the output wave of this example, since an output 
is markedly alike and differ according to contact and non-contact, also by 
viewing, there is no error and the number of contact rotations which switches 
from a non-contact rolling state to a contact rotation state can be detected 
with sufficient accuracy. 

[0064] Here, although the number of contact rotations is detected in the 
above-mentioned explanation at the time of a motor stop, the surfacing 
number of rotations of the hydrodynamic bearing portion at the time of motor 
starting is detectable similarly. 

[0065]In the bearing test equipment 10 of this example, the hydrodynamic 
bearing portion is inspected according to the noncontact state to the motor 1 . 
Therefore, the evil in which dust etc. will adhere to a motor section article and 
that will be polluted is avoidable. 

[0066]Of course, since what is necessary is just to have the impedance 
detector which can detect the impedance change of a hydrodynamic bearing 
portion in the bearing test equipment of this invention, it is possible to adopt 
as the motor section article 5, for example, a disk hub, the composition in 
which a point of contact is contacted. For example, it can be instead of [ of 
the electrode 1 2 which carried out close arrangement ] by contacting a 
brush-like electrode to the peripheral face of the upper bed portion of the 
axis of rotation 1 2. 

[0067](Another example of an impedance detector) Although he is trying to 
detect resistance of a hydrodynamic bearing portion, and change of capacity, 
it can also constitute from an impedance detector of the above-mentioned 
bearing test equipment 10 so that only a resistance change or capacity 
changes may be detected. Only the electrode 1 1 for excitation can detect 
without using the electrode 1 2 for detection. 

[0068]The explanatory view of the electrode disposition position in the bearing 
test equipment for detecting the rolling state of a hydrodynamic bearing 
portion only based on a resistance change and circuitry are shown in drawing 
6 and drawing 7 . First, what is necessary is to have only the electrode 11a for 
excitation for impressing a volts alternating current to the disk hub 5 as an 
electrode in this case, as shown in drawing 6 and drawing 7 . Close 
arrangement of this electrode 1 1a is carried out to the disk hub 5 via the 
capacity C2. Between this electrode 1 1a and the source 13 of a volts 
alternating current, the series connection of the resistance R2 is carried out. 
The oscilloscope 14 detects and displays the both-ends voltage of the 
resistance R2. In these figures, identical codes are given to each portion in 
drawing 1 t hru/or drawing 4 , and a corresponding part, and those explanation 
is omitted. 



[0069]When the equivalent circuit at the time of constituting in this way is as 
being shown in drawing 7 (a) and the axis of rotation 4 is a contact state, As 
shown in drawing 7 (b), since the ingredient of the most flows into the earth 
side via the base plate 2, a high current flows into the resistance R2, and the 
line of electric force which flowed into the disk hub 5 via the capacitor C2 
from the electrode 11a serves as a value with the big both-ends voltage. On 
the contrary, since the switch SW will turn off and a circuit will be in a cut off 
state substantially as the axis of rotation 4 shows drawing 7 (c) according to a 
noncontact state, as for the current which flows into the resistance R2, 
detection voltage will also become very small few therefore. 
[0070]The detection voltage waveform Sa at the time of driving the motor 1 in 
the same state as the case in drawing 5 is shown in drawing 8 w ith the motor- 
rotation-frequency curve and the conventional AE waveform. The state of A 
thru/or D is the same as that of the case in drawing 5 at each time. Contrary 
to the detection voltage waveform S shown in drawing 5 , by a non-contact 
rolling state, the detection voltage waveform Sa is small, and if it switches to 
a contact rotation state, it will become large rapidly. Also in this case, the 
number of contact rotations is more correctly [ than the conventional AE 
waveform ] detectable. 

[0071]In composition of detecting only a resistance change as shown in 
drawing 6 t hru/or 8, the advantage that circuitry can be simplified is acquired 
compared with the composition shown in drawing 1 t hru/ or 5. Dramatically 
[ only in the electrode 1 1 for excitation ] becomes easy [ composition ]. 
[0072]Although he is trying to impress a volts alternating current to the disk 
hub 5 side, it may be made to impress a volts alternating current to the base 
plate 2 side in the above-mentioned explanation. When contacting the terminal 
for detection and detecting it instead of the electrode of a noncontact type, it 
may be made to impress not a volts alternating current but direct current 
voltage. 

[0073]Although detection in the state where the hard disk 6 was carried in the 
disk hub 5 is possible, of course, if a hard disk is carried, the effect that 
between the electrode 11a and the base plates 2 is shielded certainly will also 
be acquired with the hard disk concerned. 

[0074](Modification of electrode structure) Here, although it is made to carry 
out close arrangement of the electrodes 1 1 and 12 or the electrode 1 1a to 
the motor 1 in each of above-mentioned examples, if an electrode member is 
omissible, since the composition of the part and test equipment and wiring 
structure can be simplified, it is desirable. In the case of drawing 1 and the 
motor 1 for hard disk drives of the structure shown in 2, as an example for 
omitting an electrode member, it is possible to use the counter plate 9 as an 
electrode. 

[0075]In this case, what is necessary is to insulate between the sleeve 3 and 
the counter plates 9 electrically, and just to consider electric contact 31 of 
bearing test equipment as the composition contacted at the rear face 9b of 



the counter plate 9, as the slash 30 shows drawing 9 . This counter plate 9 can 
also be used as the electrodes 1 1 and 11a for excitation in each of above- 
mentioned examples, and can also be used as the electrode 12 for detection. 
[0076](Malrotation detection of a hydrodynamic bearing portion), next the 
above-mentioned explanation are the things about the case where the bearing 
test equipment by this invention detects the number of contact rotations of a 
hydrodynamic bearing portion (or surfacing number of rotations). However, it is 
also possible to detect a large and general malrotation state in the bearing 
test equipment by this invention. 

[0077]Foreign matters, such as a metal powder, may have invaded into the 
hydrodynamic bearing portion as a classic example of a malrotation state. In 
this case, originally, when the motor 1 is in a rated revolution state, although 
the axis of rotation 4 is in a noncontact state, it will switch to a contact state 
in instant in the state irregular for a foreign matter, and the detection voltage 
corresponding to it will be outputted. In the case of the bearing sensing device 
1 explained with reference to drawing 1 t hru/or 5, As shown in drawing 10 , in 
a steady drive rolling state (surfacing or non-contact rolling state), the 
waveform part s1 with momentarily small amplitude and s2 appear in the 
detection voltage waveform S (A thru/or D, etc. are the same as that of the 
case in dr awing 5 at each [ in drawing 1 0 ] time). Therefore, the existence of 
the malrotation by the product tampering of a bearing can be inspected by 
distinguishing such a waveform part by viewing or the detector circuit 
containing a comparator etc. 

[0078]As a malrotation state, there are some which are depended on causes 
other than product tampering. For example, if eccentric rotation etc. occur by 
the manufacture error of the axis of rotation 4 and the sleeve 3, an 
attachment error, etc., they may contact at the moment periodically. In this 
case, in a steady rotation state, the above waveform parts s1 and s2 occur 
periodically (regular). Therefore, the existence of a malrotation state can be 
inspected by checking this waveform part. 

[0079](Conversion of a detection voltage waveform) Here, since it generates 
momentarily, a possibility of missing is high [ a waveform part ] even if the 
waveform part showing such a malrotation state displays the detection 
voltage waveform S on an oscilloscope as it is. In detection of the above- 
mentioned number of contact rotations, if motor rotation frequency falls and it 
results in the number of contact rotations of a bearing, contact time will 
become long gradually from short-time intermittent contact, and it will shift at 
a steady contact rotation state. It is necessary to adopt the thing at the time 
of the instant contact which appears first as the number of contact rotations 
starting. Therefore, when a detection voltage waveform is used as it was, 
there is a possibility that the number of contact rotations may be 
undetectable with sufficient accuracy. 

[0080]For example, if conversion of waveform of the detection voltage 
waveform S is carried out and the voltage waveform Sb is made to reverse 



the size relation of amplitude like as shown in drawing 10 , it can check, 
without overlooking the waveform part s1b and s2b which are generated 
irregularly. It can check in the number detection of contact rotations, without 
overlooking the waveform part s3b which is the first momentary contact 
position. 

[0081]The publicly known conversion of waveform using an AM demodulation 
circuit, a phase difference detection circuit, an envelope circuit, etc. as the 
conversion-of-waveform method which makes such visual recognition easy, 
and the plastic surgery method can be used. 

[0082](Bearing to be examined) Although the above-mentioned explanation is 
about the example which applied this invention to the inspection of the 
hydrodynamic bearing, as a bearing to be examined, bearings other than a 
hydrodynamic bearing may be sufficient as it. For example, it can also use in 
order to inspect the malrotation in anti-friction bearings, such as a ball 
bearing etc. of composition of that plain bearings, such as sintered bearing 
which consists of a sintered compact containing solid lubricants etc., and a 
rolling element were inserted. Of course as a hydrodynamic bearing to be 
examined, the hydrodynamic bearing using the fluid of high resistance, such as 
air, water, etc. besides the oil hydrodynamic bearing which is using oil as a 
fluid, and a gas is also contained. 

[0083]Although the above-mentioned example is an example which applied 
this invention for the inspection of the hydrodynamic bearing included in the 
motor for hard disk drives, this invention is applicable for the inspection of the 
bearing portion of other various equipment. For example, this invention is also 
applicable for the inspection of the rotating part of the light scanning 
apparatus which scans while rotating a polygon mirror, rotating parts, such as 
a photoconductive drum of a reproducing unit, the rotating part of the pump 
for oil circuits, etc. 
[0084] 

[Effect of the Invention]As explained above, in the bearing inspection method 
and bearing test equipment of this invention. When carrying out non-contact 
rotation with the case where the axial element and bearing element of a 
bearing carry out contact rotation, He is trying to inspect the number of 
contact rotations (surfacing number of rotations) and malrotation state of a 
bearing based on this impedance change paying attention to impedance, such 
as the electrical property between them, i.e., resistance, and capacity, 
changing. 

[0085]Therefore, according to this invention, compared with the case where it 
inspects based on the sound energy generated from a bearing portion, it is 
accurate and, moreover, can inspect in a short time. 
[0086]When inspecting bearing portions, such as a motor, it can inspect 
without being influenced by the switching noise of motor drive current, and 
can inspect, without the driving state of a motor being [ how ] scrupulous. 
[0087]Since it is possible to conduct a bearing inspection by a noncontact 



state, in the bearing inspection of the motor for hard disk drives, etc., there is 
also an advantage that contamination of the dust adhesion resulting from 
contacting the near electrode of test equipment to the motor section article 
side, etc. can also be prevented. 

[0088]Therefore, according to this invention, an inspection method suitable for 
conducting hundred percent inspection of the bearing mass-produced and the 
device provided with the bearing is realizable. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is an outline lineblock diagram showing the motor for hard disk 
drives to be examined with the bearing test equipment which applied this 
invention. 

[Drawing 2] It is a half section figure of the motor of drawing 1 , and the 
electrode disposition position of bearing test equipment is shown. 
[Drawing 3] It is an explanatory view showing the impedance detector of the 
bearing test equipment of drawing 1 , (a) is a circuit diagram in case a bearing 
is in a contact rotation state, and (b) is a circuit diagram of a non-contact 
rolling state. 

[Drawing 4] It is a representative circuit schematic of the impedance detector 
of the bearing test equipment of drawing 1 , 

[ Drawing 5]I t is a signal waveform diagram showing the detection voltage 
waveform obtained by the bearing test equipment of drawing 1 with AE 
waveform acquired by motor rotation frequency and a conventional method. 
[Drawing 6] It is a motor half section figure for explaining another example of 
the bearing test equipment of drawing 1 . 

[Drawing 7]The equivalent circuits and bearings which show the impedance 
detector of the bearing test equipment of d ra wing 6 are a circuit diagram in a 
contact rotation state, and a circuit diagram [ in / in a bearing / a non- 
contact rolling state ]. 

[Drawing 8] It is a signal waveform diagram showing the detection voltage 
waveform obtained from the impedance detector of dr awing 7 w ith AE 
waveform acquired by motor rotation frequency and a conventional method. 
[Drawing 9] It is a motor half section figure showing another example of the 
electrode disposition composition in the bearing test equipment of drawing 1 . 
[Drawing 10] It is a signal waveform diagram showing the detection voltage 
waveform obtained by the bearing test equipment of drawing 1 , and the 
waveform after the conversion of waveform with motor rotation frequency at 
the time of the malrotation resulting from product tampering. 
[Drawing 1 1] It is a signal waveform diagram showing the detection voltage 
waveform of the hydrodynamic bearing obtained by the conventional AE 
method with motor rotation frequency. 
[Description of Notations] 

1 The motor for hard disk drives 

2 Base plate 

3 Sleeve 

4 Axis of rotation 

5 Disk hub 

6 Hard disk 
7a Rotor 
7b Stator 



8 Slide shaft carrier member 

9 Counter plate 

10 Bearing test equipment 

1 1 The electrode for excitation 

1 2 The electrode for detection 

1 3 Volts alternating current power supply 

14 Oscilloscope 

C1 Electric capacity of a hydrodynamic bearing portion 
R1 Resistance of a hydrodynamic bearing portion 
SW Switch 
R2 Resistance 
L1 Inductor 
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